INTRODUCTION
============

Food systems should provide year-round access to foods that cover people's nutrient needs and promote healthy dietary practices.[@nuz017-B1] However, they are increasingly under pressure to improve and accelerate impacts on nutritional outcomes,[@nuz017-B2] especially in low- and middle-income countries (LMICs). Diets of poor quality are the main contributors to the multiple burdens of malnutrition (stunting, wasting, micronutrient deficiencies, overweight, obesity, and nutrition-related noncommunicable diseases \[NCDs\]),[@nuz017-B3]^,^[@nuz017-B4] and promoting healthy diets can help prevent undernutrition and micronutrient deficiencies and mitigate the rise of overnutrition and diet-related noncommunicable diseases among poor and vulnerable populations.[@nuz017-B3]^,^[@nuz017-B5] Food systems, including all components and activities related to production, processing, distribution, preparation, and consumption, and the outputs of these activities,[@nuz017-B1]^,^[@nuz017-B6] have a key role in delivering high-quality diets but are presently failing to deliver healthy diets to people in LMICs. It is generally recognized that food systems need to be repositioned away from a strong focus on increasing food quantity toward more diversified systems capable of supplying the essential dietary components that can reduce the high prevalence of micronutrient deficiencies among women and children and high stunting rates (growth retardation) of children.[@nuz017-B7] At the same time, food systems should provide dietary options that can diminish the growing burden of overweight, obesity, and diet-related NCDs, such as diabetes, cancer, and cardiovascular diseases (CVD).[@nuz017-B4]

Although a universal definition of the concept of diet quality is lacking, there is general agreement that it comprises 3 main dimensions: 1) nutrient adequacy, 2) food variety or food diversity, and 3) moderation of foods, food groups, or energy and nutrients.[@nuz017-B8]^,^[@nuz017-B9] Adequacy refers to the provision of levels of dietary energy and macro- and micronutrients appropriate to age, sex, disease status, and physical activity for a healthy life. Diversity refers to the consumption of a variety of desirable foods or food groups (eg, whole grains, fruits, vegetables, fish, meat, nuts and seeds, beans and legumes, milk and eggs).[@nuz017-B9] Moderation refers to the avoidance or limited consumption of foods, food groups, and nutrients that can be unhealthy if consumed in excess, such as food high in fats (especially saturated and trans fat), sugar, (including sugar-sweetened beverages \[SSBs\]), and sodium.[@nuz017-B8]^,^[@nuz017-B10] Food safety is another important dimension of high-quality diets but will not be addressed in this paper. Monotonous staple-based diets and lack of dietary diversity, both often observed in dietary surveys in LMICs, are strongly associated with inadequate intake and risks of deficiencies of essential micronutrients.[@nuz017-B11] In addition, many LMICs are currently undergoing a nutrition transition, which is marked by an increased intake of unhealthy fats, refined carbohydrates, added sugar, animal source foods, and low consumption of legumes, fruits, and vegetables.[@nuz017-B12]

With this transformation of food systems to a focus on healthy diets comes the need for sound metrics to measure the quality of such diets in LMICs. The quality of a diet depends on the existing dietary patterns, and in general, 2 approaches to assessing dietary patterns are used: a priori, based on prior nutrition knowledge translated into dietary guidelines; and a posteriori, where patterns are defined once the dietary intake data are collected.[@nuz017-B15] A priori assessed dietary patterns are used to construct diet quality indices that quantify the healthiness of the dietary pattern based on existing scientific knowledge and, when international dietary guidelines are used, allow for cross-country comparisons. In LMIC settings the use of dietary diversity scores is common because they are relatively easy to administer with limited resources,[@nuz017-B16] but the scores presently used do not capture the 3 important dimensions of diet quality (see above); in particular, the moderation dimension is often missing. Therefore, additional diet quality indices need to be identified for use in LMICs to complement dietary diversity scores. This systematic review aims to present a state-of-the-art inventory of diet quality indices developed for both LMICs and high-income countries by systematically searching the literature for articles listing the diet quality indices published since a previous review was published in 2009 by Wirt and Collins.[@nuz017-B17] Furthermore, the authors highlight priorities and recommendations on the applicability and further development of such indices for food system research in LMICs.

METHODS
=======

Literature search strategy
--------------------------

A systematic search of English-language articles published in peer-reviewed journals between January 2008 and December 2017 and review articles from before 2008 was performed using the electronic databases Scopus, CAB abstracts, and MEDLINE. These 3 databases are the most relevant in nutrition research, and therefore the authors feel confident that this search provided comprehensive coverage of the published literature. The starting date of this systematic review was chosen based on the timeframe of the most recent systematic review on diet quality indices in all age groups by Wirt and Collins.[@nuz017-B17] Title-abstract-keywords were included in three different search strings: 1) (*Diet*\* OR *food*\* OR *nutrient*\* OR *meal*\* OR *nutrition*\*), 2) (*index* OR *determinant*\* OR *indicator*\* OR *score*\* OR *indices* OR *measure*\* OR *asses*\* OR *approach*), and 3) (*quality* OR *adequacy* OR *variety* OR *diversity* OR *health*\*) using an adjacency operator when combining the 3 searches. Relevant studies might have been missed when the words used in the search were not mentioned in the title, abstract, or keywords. Therefore, the literature list of the included publications was checked, and the gray literature was searched in order to be as comprehensive as possible. Another limitation inherent to systematic literature review is publication bias, which refers to the possibility that newly developed indices have not been published and could therefore not be included in this review.

Some diet quality indices are more extensively evaluated and described in additional publications (eg, the Healthy Eating Index \[HEI\] 2005[@nuz017-B18]^,^[@nuz017-B19] and 2010[@nuz017-B20]^,^[@nuz017-B21] and the World Health Organization's Infant and Young Children Feeding Indicators \[IYCFI\][@nuz017-B22]); however this review focuses on articles that describe the development of indices, thus additional articles that describe the validation of a certain index are not included in this review.

Selection of studies and data synthesis
---------------------------------------

The database search resulted in 7178 articles. An additional 14 publications were included from the gray literature and by screening the references of eligible articles. After removal of the duplicates, 3844 articles were left. The initial title-abstract screening resulted in 127 eligible articles, and after reading the full texts an additional 34 articles were excluded, resulting in 78 original articles and 15 review articles included in this review (see [Figure 1](#nuz017-F1){ref-type="fig"} for the flow diagram).

![Flow diagram of the literature search process.](nuz017f1){#nuz017-F1}

The PICOS criteria for inclusion and exclusion are described in [Table 1](#nuz017-T1){ref-type="table"}. Inclusion criteria for title, abstract, and full-text screening were articles describing the development of an index (or a new index that was adapted from a former index) to measure diet quality in all population groups. Exclusion criteria were nonhuman studies or studies using an existing diet quality index or associating such an existing index to a health outcome or biomarker. Also, articles not evaluating dietary quality (eg, indices assessing environmental impacts, food labeling, and advertisement influences or indices dealing with food safety issues) were not included. Indices solely describing the meal intake pattern (eg, number of meals, frequency of eating pattern, or snack intake) or the quality of a single meal, which are extensively described in a review done by Gorgulho et al,[@nuz017-B23] were not included in this review. Likewise, scores for single nutrient quality (including protein quality and the glycemic load and index)[@nuz017-B24] or nutrient profiling of single foods (where single foods are profiled according to their nutrient content \[eg, the Nutrient Rich Foods {NRF} 9.3\])[@nuz017-B25] are beyond the scope of this review.

###### 

PICOS criteria for inclusion and exclusion of studies

  PICOS criteria   Inclusion                                      Exclusion
  ---------------- ---------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------
  Population       All population groups                          Nonhuman studies
  Intervention     Measure of diet quality                        Articles not evaluating dietary quality (eg, assessing environmental impacts, food labeling, influence of advertisements, or food safety issues)
  Comparator       No comparator, descriptive systematic review   
  Outcome          New or updated diet quality index              Studies using an existing index
  Setting          All settings                                   

Title-abstract eligibility assessment of the articles for inclusion in the systematic review was performed by 1 reviewer and afterwards checked, in an unblinded manner, by another reviewer. Disagreements between reviewers were resolved by consensus. Subsequently 1 reviewer extracted the data from the included studies (n = 127 articles) and discussed it with the second reviewer, leading to the exclusion of another 34 articles, resulting in a total of 93 studies (78 original articles and 15 review articles) included in the analysis. Information was extracted from each study on the developed index (age group for whom the index is intended, guideline(s) used to develop the index, components of the index, scoring system), the pilot/evaluation study (country, sample size, study type, objective), dietary assessment method used, and the initial evaluation method used to validate the index.

The authors evaluated the different indices on a qualitative and descriptive basis rather than a quantitative basis because the development, assessment, and evaluation of the listed diet quality indices show a great deal of variety.

RESULTS
=======

Of the 93 included articles, a total of 78 original articles listing 81 different diet quality indices were identified in this systematic literature review. Additionally, 15 reviews of such indices were found.[@nuz017-B17]^,^[@nuz017-B24]^,^[@nuz017-B29] These reviews were used as background reading and to check the completeness of the list of diet quality indices but are not discussed in the article. The 81 diet quality indices identified are listed in [Table 2](#nuz017-T2){ref-type="table"} (indices developed for global/multiple region use, n = 5),[@nuz017-B11]^,^[@nuz017-B42][Table 3](#nuz017-T3){ref-type="table"} (indices developed for LMICs, n = 14),[@nuz017-B47] and [Table 4](#nuz017-T4){ref-type="table"} (indices developed for high-income countries, n = 62).[@nuz017-B59] Sixty-one of the diet quality indices have been developed for countries in Europe (n = 33), Australia and New Zealand (n = 15), and North America (n = 13) ([Tables 3](#nuz017-T3){ref-type="table"} and [4](#nuz017-T4){ref-type="table"}). This review identified 14 indices developed for countries classified as LMICs[@nuz017-B47] ([Table 3](#nuz017-T3){ref-type="table"}, based on the World Bank country classification by income). Another 5 indices were developed for cross-regional comparison ([Table 2](#nuz017-T2){ref-type="table"}), of which 3 have global applicability,[@nuz017-B42]^,^[@nuz017-B43]^,^[@nuz017-B45] and the other 2 have been applied on 2 different continents, the PANDiet score[@nuz017-B44] in high income countries and the Food Group Diversity Indicators (FGI)[@nuz017-B11] in LMICs in Africa and Asia. Research on the development of the FGI was used for the development of the Minimum Dietary Diversity for Women (MDD-W).[@nuz017-B42] Thus various forms of diet quality indices have been tested for LMICs, although the question remains whether these country-specific and cross-regional indices capture all dimensions of diet quality.

###### 

Identified diet quality indices from the literature for global/multiple regions

  Reference                             Index                                                      Theoretical basis                                      Country and target group                                         Components                                                                                                                                                                                                                                          Scoring system                                                                       Evaluation[^a^](#tblfn2){ref-type="table-fn"}
  ------------------------------------- ---------------------------------------------------------- ------------------------------------------------------ ---------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------
  FAO and FHI 360 (2016)[@nuz017-B42]   Minimum Dietary Diversity for Women (MDD-W)                Scientific literature, expert group                    Global; women                                                    Grains, white roots and tubers, plantains, pulses (beans, peas, and lentils), nuts and seeds, dairy, meat/poultry/fish, eggs, dark green leafy vegetables, other vitamin A--rich fruits and vegetables, other vegetables, other fruits              10 food groups, score based on consumption, range 0--10                              Not described in this publication, but it is based on the findings from the FGI[@nuz017-B11] research and further elaborated on Martin-Prével et al[@nuz017-B46]
  Arimond et al (2010)[@nuz017-B11]     Food Group Diversity Indicators (FGI)                      Scientific literature                                  Burkina Faso, Mali, Mozambique, Bangladesh, Philippines; women   All starchy staples, all legumes and nuts, all dairy, other animal source foods, vitamin A--rich fruits and vegetables, other fruits and vegetables (or split up in a higher aggregation level)                                                     8 different FGIs, varying in amount of food groups and minimum quantities consumed   Sociodemographic factors, anthropometrics, mean probability of adequacy, se/sp analysis
  Imamura et al (2015)[@nuz017-B43]     3 scores: healthy items, unhealthy items, combined items   Scientific literature                                  187 countries; adults                                            Healthy: fruits, vegetables, beans/legumes, nuts/seeds, whole grains, milk, PUFA, fish, plant n-3, dietary fiberUnhealthy: unprocessed red meats, processed meats, SSBs, saturated fat, trans fat, cholesterol, sodium                              17 components, score based on quintiles, range 0--100                                Scores are compared among countries, age, and sex
  Verger et al (2012)[@nuz017-B44]      Probability of Adequate Nutrient Intake (PANDiet) score    Nutritional recommendations for French and US adults   France and USA; adults                                           Protein, total carbohydrates, fiber, total fat, SFAs, PUFAs, cholesterol, thiamin, riboflavin, niacin, folate, vitamin A, vitamin B6, vitamin B12, vitamin C, vitamin D, vitamin E, calcium, magnesium, zinc, phosphorus, potassium, iron, sodium   24 components, scored based on adequacy probability, range 0--100                    Sociodemographic factors, nutrient intakes, food groups, biomarkers of exposure
  WHO (2008)[@nuz017-B45]               Indicators for infant and young child feeding              Scientific literature                                  Global; infants and young child                                  Summary score: breastfeeding practices, dietary diversity, meal frequency                                                                                                                                                                           3 components, score based on consumption and frequency, range 0--1                   Not described in this publication but for evaluation see, for example, Jones et al[@nuz017-B22]

*Abbreviations:* FGI, food group diversity indicators; PUFA, polyunsaturated fatty acids, se/sp analysis; sensitivity/specificity analysis; SFA, saturated fatty acid; SSB, sugar-sweetened beverages.

Some diet quality indices are more extensively evaluated and described in additional publications; however, our review search was not specifically set up for such validation studies, and thus articles describing such validation studies are not included in our review.

###### 

Identified diet quality indices from the literature for low- and middle-income countries, organized by region and country

  Reference                                 Index                                                              Theoretical basis                                                        Country and target group               Components                                                                                                                                                                                                                                                                                                                                                                                 Scoring system                                                                                              Evaluation[^a^](#tblfn4){ref-type="table-fn"}
  ----------------------------------------- ------------------------------------------------------------------ ------------------------------------------------------------------------ -------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------
  **AFRICA**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  Bork et al (2012)[@nuz017-B47]            Infant and Young Child Feeding Index (ICFI)                        Scientific literature and available data                                 Senegal; infants and toddlers          Dietary diversity index, food variety index, meal frequency index, breastfeeding                                                                                                                                                                                                                                                                                                           4 components, score based on tertiles and breastfeeding, range 0--7                                         Anthropometrics, reliability
  **ASIA**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  Yuan et al (2017)[@nuz017-B48]            Chinese Healthy Eating Index (CHEI)                                Chinese Dietary Guidelines 2016                                          China; children, adolescents, adults   Adequacy: total grains, whole grains/mixed beans, tubers, total vegetables, dark vegetables, fruits, dairy, soybeans, fish/seafood, poultry, eggs, seeds/nuts Limiting: red meat, cooking oils, sodium, added sugars, alcohol                                                                                                                                                              17 components including weighing factor, score based on standard portion size per 1000 kcal, range 0--100   Sociodemographic factors, BMI
  Cheng et al (2016)[@nuz017-B49]           Chinese Children Dietary Index (CCDI)                              Chinese Dietary Guidelines 2007 and Chinese DRIs 2013                    China; children and adolescents        Grains, vegetables, fruits, dairy/dairy products, soybean and its products, fish/shrimp, meat, eggs, water, SSB, vitamin A, ratio UFA to SFA, fiber, diet variety (5 food groups), eating breakfast/dinner, energy balance metric                                                                                                                                                          16 components, score based on food densities (g/kcal), meeting recommendations or servings, range 0--160    Sociodemographic factors, BMI, nutrient adequacy ratios, mean adequacy ratio, foods/food groups
  Xu et al (2015)[@nuz017-B50]              Chinese Food Pagoda Score (CFPS)                                   Chinese Food Pagoda (CFP)                                                China; adults                          Grains/potatoes/beans, vegetables, fruits, meat, eggs, fish/shrimp, dairy, nuts/soybean products, cooking oil, salt                                                                                                                                                                                                                                                                        10 components, gram intake per energy level, range 0--10                                                    Sociodemographic factors
  Hardiansyah et al (2015)[@nuz017-B51]     Balanced Diet Index (BDI)                                          Not mentioned                                                            Indonesia; children                    Adequacy: carbohydrate foods, vegetables, fruits, animal foods, milk, plant protein foods Limiting: fat, salt/sodium, added sugar                                                                                                                                                                                                                                                          12 BDIs are discussed, based on servings, different ranges for the 12 BDIs                                  Nutrient adequacy
  Chiplonkar and Rama (2010)[@nuz017-B52]   Adolescent Micronutrient Quality Index (AMQI)                      Indian and US dietary guidelines                                         India; adolescents                     Cereals and millets, legumes, milk and milk products, vegetables (green leafy, other, roots and tubers), fruits, sugar, fats/oils, at least 50% grains as whole grains, at least 50% legumes being micronutrient dense, food variety, sprouts/fermented foods/salads, tea/coffee with meals, fried foods                                                                                   13 components, score based on servings, range 0--100                                                        Sociodemographic factors, nutrient intake, biomarker of exposure, micronutrient adequacy ratio, physical activity
  Taechangam et al (2008)[@nuz017-B53]      Healthy Eating Index for Thais (THEI)                              Food Guide Thailand Nutrition Flag                                       Thailand; adults                       Rice/starch, vegetables, fruits, milk/ milk products, meat/poultry/fish/dry beans/eggs/nuts, total fat, saturated fat, added sugar, total cholesterol, Na, variety score                                                                                                                                                                                                                   11 components, score based on amounts consumed, servings and E%, range 0--110                               Anthropometrics, expert panel, nutrient intakes
  **SOUTH AMERICA**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Molina et al (2010)[@nuz017-B54]          Indice de Alimentacao do Escolar (ALES; School Child Diet Index)   Nutritional recommendations for the Brazilian population                 Brazil; children                       Fruits, raw vegetables, cooked vegetables, beans, milk, fish, candies, cookies, soft drinks, hamburgers, fried snacks, French fries/fried cassava/ fried bananas, mayonnaise, instant noodles, breakfast, natural juice                                                                                                                                                                    16 components, score based on frequency, range 15--16                                                       Sociodemographic factors
  Jaime et al (2010)[@nuz017-B55]           Diet Quality Index (DQI-a)                                         HEI-1995                                                                 Brazil; adults                         Grains, vegetables, fruit, milk/dairy products, meats, legumes, total fat, saturated fat, sodium, diet variety                                                                                                                                                                                                                                                                             10 components, score based on servings and grams and E%, range 0--100                                       Sociodemographic factors, BMI, food groups, nutrient intakes, se/sp analysis
  **CENTRAL AMERICA**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Enneman et al (2009)[@nuz017-B56]         Dietary Diversity Score (DDS)                                      USAID                                                                    Guatemala; infants                     Grains/roots/ tubers, legumes/nuts, dairy products, flesh foods, eggs, vitamin A--rich fruits and vegetables, other fruits and vegetables, fats/oils                                                                                                                                                                                                                                       8 components, score based on consumption, range 0--8                                                        Day-to-day variation, sociodemographic factors
  Enneman et al (2009)[@nuz017-B56]         Dietary Diversity Score (DDS)                                      Guatemalan dietary guide                                                 Guatemala; infants                     Grains (legumes) cereals/potatoes, herbs/vegetables, fruits, meat, milk/ milk products, sugar/fats                                                                                                                                                                                                                                                                                         6 components, score based on consumption, range 0--6                                                        Day-to-day variation, sociodemographic factors
  Enneman et al (2009)[@nuz017-B56]         Dietary Diversity Score (DDS)                                      Institute of Nutrition of Central America and Panama (INCAP)             Guatemala; infants                     Corn/corn tortilla/corn gruel, corn tamales, beans, rice, bread, breakfast cereals, other cereals, milk/dairy products/egg, meat/ beef/pork, game meat, chicken/turkey, fish/shellfish, green leaves, green/yellow vegetables, other vegetables, potatoes/root crops/ plantain, fruit, fats/oils, sugar, beverages, snacks, desserts, soups, other mixed dishes with meat, miscellaneous   25 components, score based on consumption, range 0--25                                                      Day-to-day variation, sociodemographic factors
  **NORTH AMERICA**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Macedo-Ojeda et al (2016)[@nuz017-B57]    Mexican Diet Quality Index (ICDMx)                                 Recommendations for food and nutrient intake issued by Mexican experts   Mexico; adults                         Energy requirements, iron, calcium, fiber, water, protein, lipids, carbohydrates, vegetables and fruits, cereals, legumes and animal products, food variety (vegetables and fruits, cereals, legumes and animal product), SFA, PUFA, sodium, alcohol                                                                                                                                       17 components, % of recommended (energy) intake or gram, range 0--100                                       Reproducibility, relative validity, biomarkers, nutrient intake
  Monterrosa et al (2015)[@nuz017-B58]      Infant and Young Child Feeding (IYCF) index                        WHO dietary diversity indicator                                          Mexico; infants                        Breastfeeding, use of bottles, sweetened and carbonated beverages, dietary diversity score (grains/tubers, fruits, vegetables, legumes/nuts, egg, flesh foods, dairy)                                                                                                                                                                                                                      4 components, score based on consumption, range 0--10                                                       Prepregnancy BMI

*Abbreviations:* BDI, Balanced Diet Index; BMI, body mass index; E%, percentage of energy; HEI, Healthy Eating Index; PUFA, polyunsaturated fatty acid; se/sp analysis, sensitivity/specificity analysis; SFA, saturated fatty acid; SSB, sugar-sweetened beverage; UFA, unsaturated fatty acid; USAID, United States Agency for International Development; WHO, World Health Organization of the United Nations.

Some diet quality indices are more extensively evaluated and described in additional publications; however, our review search was not specifically set up for such validation studies, and thus articles describing such validation studies are not included in our review.

###### 

Identified diet quality indices from the literature for high-income countries, organized by region and country

  Reference                                                                                                                                                                                                                                                  Index                                                                                                    Theoretical basis                                                                                           Country and target group                            Components                                                                                                                                                                                                                                                                                                                                                                                                                Scoring system                                                                                                  Evaluation[^a^](#tblfn6){ref-type="table-fn"}
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------- --------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------
  **ASIA**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  Nishimura et al (2015)[@nuz017-B96]                                                                                                                                                                                                                        Food-based diet quality score for Japanese                                                               Japanese food guide Spinning Top (2005)                                                                     Japan; adults                                       Grain dishes, vegetable dishes, fish and meat, milk, fruits, snacks and alcoholic beverages                                                                                                                                                                                                                                                                                                                               6 components, servings or energy, range 0--60                                                                   Sociodemographic factors, nutrient intakes, metabolic risk factors, BMI, anthropometrics
  Kuriyama et al (2016)[@nuz017-B81]                                                                                                                                                                                                                         Modified food-based diet quality score for Japanese                                                      Japanese food guide Spinning Top (2005)                                                                     Japan; adults                                       Grain dishes, vegetable dishes, fish and meat, milk, fruits, snacks and alcoholic beverages, seasonings                                                                                                                                                                                                                                                                                                                   7 components, servings or energy, range 0--70                                                                   Sociodemographic factors, nutrient intakes, food groups, original food-based diet quality score for Japanese
  Lee et al (2008)[@nuz017-B84]                                                                                                                                                                                                                              Overall Dietary Index Revised (ODI-R)                                                                    Taiwanese Dietary Recommendations                                                                           Taiwan; adults                                      Grains/starchy tubers (whole grains), vegetables, fruits, eggs/soy/fish/meat (soybean, fish), dairy products, K/Na ratio, cholesterol, dietary moderation (refined sugars, Na, alcohol), dietary diversity.                                                                                                                                                                                                               9 components, score based on servings, E%, or amounts consumed, range 0--100                                    Nutrient intakes, other DQ score (ODI)
  **NORTH AMERICA**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  Jessri et al (2017)[@nuz017-B75]                                                                                                                                                                                                                           Healthy Eating Index--Canada 2010 (HEI-C 2010)                                                           HEI-2010 and Canada's Food Guide (CFG) 2007                                                                 Canada; children, adolescents, adults               Total fruit and vegetables, whole fruit, greens and beans, whole grains, dairy, total protein foods, seafood and plant proteins, FAs, refined grains, Na, empty calories                                                                                                                                                                                                                                                  11 components, amount intake per 1000 kcal and E%, range 0--100                                                 Sociodemographic factors, nutrient intakes, food groups, reliability, BMI
  Woodruff and Hanning (2010)[@nuz017-B117]                                                                                                                                                                                                                  Canadian Healthy Eating Index (HEIC-2009)                                                                Canada's Food Guide recommendations (HEIC-2009)                                                             Canada; children, adolescents                       Grains, vegetables/fruits, milk, meat, other, total fat, saturated fat, cholesterol, dietary variety                                                                                                                                                                                                                                                                                                                      9 components, score based on servings and E%, range 0--100                                                      Other DQ index (HEI-C)
  Sharafi et al (2015)[@nuz017-B105]                                                                                                                                                                                                                         Healthy Eating Preference Index (HEPI)                                                                   Dietary Guidelines for Americans 2010                                                                       USA; preschool children                             High-fat/sweet/salty foods, fruits and vegetables, variety score                                                                                                                                                                                                                                                                                                                                                          6 components, score based on liking scores, range −250 to 250                                                   Sociodemographic factors, BMI, biomarker, other DQ score (HEI 2010), reliability
  Anderson et al (2015)[@nuz017-B59]                                                                                                                                                                                                                         Healthy score and unhealthy score                                                                        Not specified                                                                                               USA; preschool children                             Healthy: fruits, vegetables, milk Unhealthy: SSB, fast food, sweets, salty snacks                                                                                                                                                                                                                                                                                                                                         Healthy/unhealthy score: 3 components / 4 components, both scores based on frequency, range 0--18/range 0--24   Food groups
  Vadiveloo et al (2014)[@nuz017-B109]                                                                                                                                                                                                                       US Healthy Food Diversity (HFD) Index                                                                    2010 Dietary Guidelines for Americans and German algorithm                                                  USA; adults                                         26 food groups, not specified                                                                                                                                                                                                                                                                                                                                                                                             26 components, score based on proportion of the food eaten and a health factor, range 0--1                      Sociodemographic factors, food groups, (mean) probability of nutrient adequacy, other DQ score (DASH diet score)
  Guenther et al (2013)[@nuz017-B71]                                                                                                                                                                                                                         Healthy Eating Index (HEI) 2010                                                                          2010 Dietary Guidelines for Americans                                                                       USA; children, adolescents, adults                  Total fruit, whole fruit, total vegetables, greens and beans, whole grains, dairy, total protein foods, seafood and plant proteins, FAs, refined grains, Na, empty calories                                                                                                                                                                                                                                               12 components, amount intake per 1000 kcal and E%, range 0--100                                                 Not described in this publication but for evaluation, see, for example, Guenther et al[@nuz017-B20] and Anic et al[@nuz017-B21]
  Lipsky et al (2012)[@nuz017-B87]                                                                                                                                                                                                                           Whole Plant Foods (WPF)                                                                                  MyPyramid and Center for Nutrition Policy and Promotion of Fruit and Fruit Juice                            USA; children, adolescents, adults                  Whole fruit, vegetables, whole grains, legumes, nuts, seeds                                                                                                                                                                                                                                                                                                                                                               6 compounds, score based on amounts, or proportion of intake                                                    Biomarker, biomarkers for CVD, diabetes, and inflammation, other DQ score (HEI-2005)
  Rumawas et al (2009)[@nuz017-B103]                                                                                                                                                                                                                         Mediterranean-Style Dietary Pattern Score (MSDPS)                                                        Mediterranean diet pyramid                                                                                  USA; adults                                         Whole-grain cereals, fruits, vegetables, dairy, wine, fish, poultry, olives/ legumes, nuts/potatoes, eggs, sweets, meats, olive oil                                                                                                                                                                                                                                                                                       13 components, score based on servings, range 1--100                                                            Sociodemographic factors, anthropometrics, nutrient intakes, food groups
  Falciglia et al (2009)[@nuz017-B65]                                                                                                                                                                                                                        Dietary variety score                                                                                    US MyPyramid (2005)                                                                                         USA; children                                       Number of foods and beverages consumed in 1 day based on servings                                                                                                                                                                                                                                                                                                                                                         All foods and drinks consumed, score based on prediction equation                                               Reproducibility (3-day recall vs 15-day recall)
  Guenther et al (2008)[@nuz017-B72]                                                                                                                                                                                                                         Healthy Eating Index--2005 (HEI-2005)                                                                    Dietary Guidelines for Americans 2005                                                                       USA; children, adolescents, adults (not pregnant)   Total fruit, whole fruit, total vegetables, dark green and orange vegetables and legumes, total grains, whole grains, milk, meat and beans, oils, saturated fat, Na, calories from solid fats/alcoholic beverages/added sugars                                                                                                                                                                                            12 components, score based on amounts consumed /1000 kcal, range 0--100                                         Not described in this article but for evaluation see, for example, Guenther et al[@nuz017-B18] and Grimstvedt et al[@nuz017-B19]
  Fung et al (2008)[@nuz017-B67]                                                                                                                                                                                                                             DASH-style diet                                                                                          DASH diet                                                                                                   USA; women                                          Fruits, vegetables, whole grains, nuts and legumes, low-fat dairy, red and processed meats, sweetened beverages, and Na                                                                                                                                                                                                                                                                                                   8 components, score based on quintiles of intake, range 8--40                                                   Sociodemographic factors, nutrient intakes, food group, CHD, stroke, BMI
  **AUSTRALIA/NEW ZEALAND**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
  Gasser et al (2017)[@nuz017-B68]                                                                                                                                                                                                                           Dietary score                                                                                            Australian Dietary Guidelines 2013                                                                          Australia; children                                 Fruits, vegetables, water, fatty foods, sugary foods, SSB, milk products or alternatives                                                                                                                                                                                                                                                                                                                                  7 components, frequency, range 0--14                                                                            Dietary patterns, change of food group trajectories over age
  Roy et al (2016)[@nuz017-B101]                                                                                                                                                                                                                             Healthy Eating Index for Australian Adults (HEIF-2013)                                                   Australian Dietary Guidelines 2013                                                                          Australia; young adults                             Adequacy: vegetables, fruits, grain (cereal) foods, milk and milk alternatives, meat and protein food alternatives, water                                                                                                                                                                                                                                                                                                 11 components, score based on servings, range 0--100                                                            Nutrient intakes, food groups, relative validity
  Limitation: discretionary foods high in saturated fat or added sugars, added salt, alcohol                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  Thorpe et al (2016)[@nuz017-B108]                                                                                                                                                                                                                          Dietary Guideline Index 3013 (DGI-2013)                                                                  Australian Dietary Guidelines 2013                                                                          Australia; adults                                   Adequacy: Food variety, vegetables, fruits, grain (cereal) foods, lean meat and poultry/fish/eggs/nuts/seeds/legumes/beans, milk/yogurt/cheese and alternatives, water                                                                                                                                                                                                                                                    13 components, score based on servings or type of product, range 0--130                                         Sociodemographic factors, health behaviors, BMI
  Limitation: foods containing SFA/salt/sugars/alcohol, foods high in SFA, fatty foods, salty foods, sugary foods, alcohol                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  Taylor et al (2015)[@nuz017-B107]                                                                                                                                                                                                                          Healthy trolley index (HETI)                                                                             Australian Guide to Healthy Eating                                                                          Australia; adults                                   Grains/cereals, meat and alternatives, dairy foods and alternatives, fruit, vegetables, discretionary (eg, savory snacks, confectionery, SSB, alcohol, processed meat, baked goods)                                                                                                                                                                                                                                       6 components, score based on monthly food expenditure, range 0--100                                             Sociodemographic factors, foods/food groups, overweight/obesity
  Zarrin et al (2013)[@nuz017-B118]                                                                                                                                                                                                                          Aussie_DQI                                                                                               National dietary guidelines linked to the Australia National Health Priority Areas                          Australia; adults                                   Vegetables, fruit, dairy products, meat and alternatives, cereals, E% SFA, E% sugar, alcohol, processed meat, added salt/Na, dietary variety (vegetables, fruits, wholegrain, fish)                                                                                                                                                                                                                                       11 components, score based on servings, E%, and amounts, range 0--120                                           Sociodemographic factors, nutrient intakes, food groups, BP, all-cause and cancer mortality, overweight, obesity
  Spence et al (2013)[@nuz017-B106]                                                                                                                                                                                                                          Obesity Protective Dietary Index (OPDI)                                                                  Based on the intended trial outcomes                                                                        Australia; toddlers                                 Fruits, vegetables, noncore foods                                                                                                                                                                                                                                                                                                                                                                                         3 components, score based on grams and KJ, range 0--30                                                          Nutrient intakes, intervention vs control group of intervention
  Scott et al (2012)[@nuz017-B104]                                                                                                                                                                                                                           Fruit and Vegetable Variety Score (FVVS)                                                                 Australian Guide to Healthy Eating                                                                          Australia; children                                 Vegetables, fruits                                                                                                                                                                                                                                                                                                                                                                                                        16 components, score based on consumption, range 0--16                                                          Sociodemographic factors, breastfeeding
  Scott et al (2012)[@nuz017-B104]                                                                                                                                                                                                                           Core Food Variety Score (CFVS)                                                                           Australian Guide to Healthy Eating                                                                          Australia; children                                 Milk/dairy, grains and grain products, vegetables, fruits, meat or other nondairy protein sources                                                                                                                                                                                                                                                                                                                         34 components, score based on consumption, range 0--34                                                          Sociodemographic factors, breastfeeding
  Marshall et al (2012)[@nuz017-B93]                                                                                                                                                                                                                         Australian Child and Adolescent Recommended Food Score (ACARFS)                                          Dietary Guidelines for Children and Adolescents in Australia and US Recommended Food Score                  Australia; children and adolescents                 Vegetables, fruit, protein foods (meat/flesh), protein foods (meat/flesh alternatives), grains, dairy, water, extras                                                                                                                                                                                                                                                                                                      8 components, score based on frequency and servings, range 0--73                                                Sociodemographic factors, BMI, nutrient intakes, nutrient reference values
  Li et al (2012)[@nuz017-B86]                                                                                                                                                                                                                               Index of Diet Quality                                                                                    Scientific literature and Australian recommendations                                                        Australia; adolescents                              Breads/cereals/rice/pasta/noodles, vegetables, fruit, milk/yoghurt/cheese, meat/fish/poultry/eggs/nuts/legumes, extra foods (soft drinks, chips etc.), vitamin C, vitamin A, dietary fiber, Fe, Ca, protein, total fat (%KJ), saturated fat (%KJ), n-6/n-3 FA ratio                                                                                                                                                       15 components, score based on amounts consumed and E%, range 20--150                                            Sociodemographic factors
  Golley et al (2011)[@nuz017-B69]                                                                                                                                                                                                                           Dietary Guideline Index for Children and Adolescents (DGI-CA)                                            Australian Dietary Guidelines 2003 for children and adolescents                                             Australia; children and adolescents                 Fruit, vegetables, bread and cereals, whole-grain cereals, meat and alternatives, dairy foods, reduced-fat dairy, fluids, extra foods (nutrient poor and high in fat, salt, and added sugar), healthy fats/oils, diet variety                                                                                                                                                                                             11 components, score based on servings, range 0--100                                                            Sociodemographic factors, anthropometrics, food groups, nutrient intakes
  McNaughton et al (2008)[@nuz017-B94]                                                                                                                                                                                                                       Dietary Guideline Index (DGI)                                                                            Australian Guide to Healthy Eating                                                                          Australia; adults                                   Vegetables/legumes, fruit, total cereals, meat and alternatives, total dairy, beverages, Na, saturated fat, alcoholic beverages, added sugars, whole-grain cereals, lean meat, reduced/low fat dairy, dietary variety, extra foods                                                                                                                                                                                        15 components, score based on servings, type or frequency, range 0--150                                         Sociodemographic factors, anthropometrics, nutrient intakes, BP
  Wong et al (2017)[@nuz017-B115]                                                                                                                                                                                                                            Healthy Dietary Habits Index (HDHI)                                                                      New Zealand Food and Nutrition Guidelines for Healthy Adults 2003                                           New Zealand; adults                                 Red meat, chicken, fish/shellfish, milk, spread, low-fat foods, fries, bread, fruit, vegetables, soft drinks, breakfast, fast foods, added salt, low-salt foods.                                                                                                                                                                                                                                                          15 components, score based on frequencies, servings or type of product, range 0--60                             Sociodemographic factors, BMI, nutrient intakes, nutritional biomarkers
  Wong et al (2014)[@nuz017-B114]                                                                                                                                                                                                                            Healthy Dietary Habits Score for Adolescents (HDHS-A)                                                    Scientific literature and New Zealand Food and Nutrition Guidelines for Healthy Children and Young people   New Zealand; adolescents                            Fat from meat/poultry/fish, other fats, fruit, vegetables and bread, sugar sources, meal habits                                                                                                                                                                                                                                                                                                                           17 components grouped in 5 clusters, score based on frequency and servings, range 0--68                         Sociodemographic factors, BMI, nutrient intakes, biomarker, expert review, reliability
  Wong et al (2013)[@nuz017-B116]                                                                                                                                                                                                                            New Zealand Diet Quality Index for Adolescents (NZDQI-A)                                                 New Zealand Food and Nutrition Guidelines for Healthy Adolescents                                           New Zealand; adolescents                            Fruits, vegetables, bread and cereals, milk and milk products, meat and alternatives                                                                                                                                                                                                                                                                                                                                      5 components, score based on servings and frequency, range 0--100                                               Nutrient intakes, reproducibility, reliability, relative validity
  **EUROPE**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  Freisling et al (2009)[@nuz017-B66]                                                                                                                                                                                                                        Food frequency index (FFI)                                                                               Austrian Food Based Dietary Guidelines                                                                      Austria; adults                                     Vegetables, fruits, whole-meal bread, pasta/rice, pulses, nuts, milk products, beef/pork, processed meats, poultry                                                                                                                                                                                                                                                                                                        10 components, score based on frequency, range 0--70                                                            Sociodemographic factors, BMI, nutrient intakes, biomarker, cholesterol
  Vandevijvere et al (2010)[@nuz017-B110]                                                                                                                                                                                                                    Dietary diversity, dietary adequacy, dietary moderation, and dietary balance scores                      Food-based dietary guidelines (FBDG)                                                                        Belgium; adults                                     Water (including coffee, tea and broth), bread/cereals, grains and potatoes, vegetables, fruits, dairy products (including Ca-enriched soy products, excluding cheese), cheese, meat/fish/eggs/legumes/nuts/meat substitutes, spreadable fats, energy-dense nutrient-poor foods                                                                                                                                           4 scores, based on servings                                                                                     Sociodemographic factors, BMI, scores are compared among each other
  Huybrechts et al (2010)[@nuz017-B74]                                                                                                                                                                                                                       Diet Quality Index (DQI)                                                                                 Flemish Dietary gGidelines 2004                                                                             Belgium; preschool children                         Dietary diversity, dietary quality, dietary moderation, dietary adequacy, dietary equilibrium, meal index                                                                                                                                                                                                                                                                                                                 6 components, score based on amounts and recommendations, range 25%--100%                                       Nutrient intakes, reproducibility, relative validity
  Lazarou et al (2009)[@nuz017-B82]                                                                                                                                                                                                                          E-KINDEX                                                                                                 Not mentioned                                                                                               Cyprus; children                                    Bread, cereals, and grain foods (excluding bread), fruit and fruit juices, vegetables, legumes, milk, fish and seafood, meat, salted and smoked meat food, sweets and snack items, soft drinks, fried food, grilled food                                                                                                                                                                                                  13 components, Score based on frequency, range 0--37                                                            BP
  Biltoft-Jensen et al (2008)[@nuz017-B60]                                                                                                                                                                                                                   Simple Diet Quality Index (SDQI)                                                                         Danish Dietary Guidelines, NNR 2004                                                                         Denmark; adults                                     Saturated fat, fiber                                                                                                                                                                                                                                                                                                                                                                                                      2 components, score based recommended intake, range 0--100                                                      Sociodemographic factors, nutrient intakes, food groups, obesity, overweight
  Meinilä et al (2016)[@nuz017-B95]                                                                                                                                                                                                                          Healthy Food Intake Index (HFII)                                                                         Nordic Nutrition Recommendations (NNR)                                                                      Finland; pregnant women                             Vegetables, fruits/berries, high-fiber grains, fish, low-fat milk, low-fat cheese, cooking fat, fat spread, snacks, SSB, fast food                                                                                                                                                                                                                                                                                        11 components, frequencies, range 0--17                                                                         Sociodemographic factors, BMI, nutrient intakes, reproducibility
  Roytio et al (2015)[@nuz017-B102]                                                                                                                                                                                                                          Children's Index of Diet Quality (CIDQ)                                                                  Nordic Nutrition Recommendations                                                                            Finland; children                                   Fiber, vegetables, fruits and berries, SFA, PUFA, saccharose, Ca                                                                                                                                                                                                                                                                                                                                                          6 components, score based on E% and gram intake, range 0--21                                                    BMI, nutrient intakes, biomarker, se/sp analysis
  Kanerva et al (2014)[@nuz017-B77]                                                                                                                                                                                                                          Baltic Sea Diet Score (BSDS)                                                                             Baltic Sea Diet Pyramid                                                                                     Finland; adults                                     Fruits and berries, vegetables, cereals, low-fat milk, fish, meat products, total fat, fat ratio (PUFA to SFA + trans fatty acids), alcohol.                                                                                                                                                                                                                                                                              9 components, score based on quartiles, range 0--25; or score based on median, range 0--9                       Sociodemographic factors, BMI, nutrient intakes
  Leppala et al (2010)[@nuz017-B85]                                                                                                                                                                                                                          Index of Diet Quality (IDQ)                                                                              Nordic Nutrition Recommendations and Finish Nutrition Recommendations                                       Finland; adults                                     Whole-grain products, fat-containing foods, dairy products, vegetables/ fruits/berries, sugar, meal pattern                                                                                                                                                                                                                                                                                                               6 components, score based on frequency, range 0--15                                                             Nutrient intakes, se/sp analysis, BMI
  Estaquio et al (2008)[@nuz017-B64]                                                                                                                                                                                                                         French Score of Indicators of the PNNS Objectives (FSIPO)                                                Program Nutritional Nutrition Santé                                                                         France; adults                                      Fruits/vegetables, Ca, total fat, saturated fat, carbohydrate consumption, complex carbohydrates, simple sugars, fiber, alcohol, cholesterol level, SBP, BMI, physical activity                                                                                                                                                                                                                                           13 components, score based on servings or RDA or %E intake, range 0--17.5                                       Sociodemographic factors, nutrient intakes, biomarkers, NCDs
  Kleiser et al (2009)[@nuz017-B78]                                                                                                                                                                                                                          Healthy Nutrition Score for Kids and Youth (HuSKY)                                                       OMD recommendations                                                                                         Germany; children and adolescents                   Beverages, vegetables, fruit, fish, bread/ cereals, pasta/rice/potatoes, milk/dairy products, eggs, fats, meat/ sausages, sweets/fatty snacks/soft drinks                                                                                                                                                                                                                                                                 11 components, score based on the proportion to recommended intake, range 0--100                                Sociodemographic factors, biomarkers
  Manios et al (2015)[@nuz017-B91]                                                                                                                                                                                                                           Revised Healthy Lifestyle-Diet Index (R-HLD-Index)                                                       USDA's Choose My Plate recommendations                                                                      Greece; children and adolescents                    Fruits, vegetables, grains, milk/dairy products, meat/meat products, fish/seafood, legumes, eggs, soft drinks, sweets, physical activity status, time spend on moderate to vigorous physical activity                                                                                                                                                                                                                     12 components, score based on servings and time spent on activity, range 0--48                                  overweight, obesity, iron deficiency
  Manios et al (2010)[@nuz017-B90]                                                                                                                                                                                                                           Healthy Lifestyle-Diet Index (HLD-Index)                                                                 MyPyramid, American Academy of Pediatrics                                                                   Greece; children                                    Fruits, vegetables, grains, dairy products, meat, fish/seafood, soft drinks, sweets, physical activity, screen time                                                                                                                                                                                                                                                                                                       10 components, score based on servings and time spent on activity, range 0--40                                  Nutrient intakes, insulin resistance, estimated average requirements
  Manios et al (2010)[@nuz017-B89]                                                                                                                                                                                                                           Preschoolers Diet-Lifestyle Index (PDL-Index)                                                            USDA food guide pyramid, Canada's Food Guide, American Heart Association, American Academy of Pediatrics    Greece; preschool children                          Fruits, vegetables, total grains, dairy products, red meat, white meat/ legumes, fish/seafood, unsaturated fats, sweets, physical activity, screen time                                                                                                                                                                                                                                                                   11 components, score based on servings and time spent on activity, range 0--44                                  Nutrient intakes, food groups, estimated average requirements, obesity, overweight
  Kourlaba et al (2009)[@nuz017-B80]                                                                                                                                                                                                                         Elderly Dietary Index (EDI)                                                                              Modified MyPyramid for Older Adults and features of the Mediterranean diet                                  Greece; elderly                                     Meat, fish, fruits, vegetables, cereals, legumes, olive oil, alcohol, type of bread, dairy products                                                                                                                                                                                                                                                                                                                       10 components, score based on frequency, range 10--40                                                           Sociodemographic factors, food groups, obesity, hypertension, hypercholesterolemia, diabetes
  Kosti et al (2009)[@nuz017-B79]                                                                                                                                                                                                                            Diet-Lifestyle Index                                                                                     Scientific literature                                                                                       Greece; adolescents                                 Vegetables, fruits, whole grains, sweets/added sugars, breakfast cereals, dairy products, sports activities, sedentary behavior, consumption of breakfast, eating away from home, number of eating episodes a day, visible fat consumption, obesity status of parents                                                                                                                                                     13 components, score based on servings, type or behavior, range 11--57                                          Sociodemographic factors, obesity, overweight
  Perry et al (2015)[@nuz017-B98]                                                                                                                                                                                                                            Diet Quality Score (DQS)                                                                                 Irish guidelines                                                                                            Ireland; children                                   Fruit, fruit juice, meat/chicken/fish, eggs, cooked vegetables, raw vegetables, meat pie/hamburger/hot dog/sausage, hot chips or french fries, crisps/savory snacks, bread, potatoes/pasta/rice, cereals, biscuits/doughnut/cake/pie/chocolate, cheese/yoghurt/fromage frais, low fat cheese/low fat yogurt, water, soft drinks (not diet), soft drinks (diet), full-cream milk and products, skimmed milk and products   20 components, score based on frequency, range 12--28                                                           Sociodemographic factors, food groups, obesity/ overweight
  Looman et al (2017)[@nuz017-B88]                                                                                                                                                                                                                           Dutch Healthy Diet Index 2015 (DHD15-Index)                                                              Dutch Dietary Guidelines 2015                                                                               The Netherlands; adults                             Vegetables, fruit, whole-grain products, legumes, nuts, dairy, fish, tea, fats and oils, coffee, red meat, processed meat, SSsB and fruit juices, alcohol, salt                                                                                                                                                                                                                                                           15 components, grams per day, range 0--150                                                                      Sociodemographic factors, nutrient intakes, relative validity
  Lee et al (2012)[@nuz017-B83]                                                                                                                                                                                                                              Dutch Healthy Diet Index (DHD-Index)                                                                     Dutch Guidelines for a Healthy Diet 2006                                                                    The Netherlands; adults                             Physical activity, vegetables, fruit / fruit juices, fiber, fish, SFA, TFA, acid drinks and foods, Na, alcohol                                                                                                                                                                                                                                                                                                            10 components, score based on activities, grams or E%, range 0--100                                             Sociodemographic factors, BMI, food groups, nutrient intakes
  Voortman et al (2015)[@nuz017-B113]                                                                                                                                                                                                                        Diet Quality Score (DQS)                                                                                 National and international guidelines and scientific literature                                             The Netherlands; toddlers                           Vegetables, fruit, bread/cereals, rice/ pasta/potatoes/ legumes, dairy, meat/ eggs, fish, oils/fats, candy/snacks, SSBs                                                                                                                                                                                                                                                                                                   10 components, score based on intake in grams and adjusted for energy intake, range 0--10                       Sociodemographic factors, anthropometrics, BMI (NS), nutrient intakes
  Jonge et al (2015)[@nuz017-B76]                                                                                                                                                                                                                            Bone Mineral Density (BMD) diet score                                                                    Scientific literature                                                                                       The Netherlands; elderly                            Vegetables, fruits, dairy products, whole grain products, fish/seafood, legumes/ beans, meat, confectionary                                                                                                                                                                                                                                                                                                               8 components, score based on quartiles, range 8--24                                                             Sociodemographic factors, biomarker, anthropometrics, NCDs, bone mineral density, other DQ score (HDI)
  Jonge et al (2015)[@nuz017-B76]                                                                                                                                                                                                                            Healthy Diet Indicator (HDI) (adapted from Jankovic et al[@nuz017-B119])                                 WHO dietary guidelines 2003                                                                                 The Netherlands; elderly                            SFA, mono- and disaccharides, cholesterol, trans fat, Na, PUFA, protein, total fat, n-6 PUFA, n-3 PUFA, dietary fiber, fruits/vegetables                                                                                                                                                                                                                                                                                  12 components, score based on grams intake, range 0--120                                                        Bone Mineral Density
  Hillesund et al (2014)[@nuz017-B73]                                                                                                                                                                                                                        New Nordic Diet (NND) Score                                                                              Guidelines of the NND                                                                                       Norway; women (mothers)                             Meal pattern, Nordic fruit consumption, root vegetables, cabbages, potatoes, whole grain breads, oatmeal porridge, food from the wild countryside, milk, water                                                                                                                                                                                                                                                            10 components, score based on frequency and type, range 0--10                                                   Sociodemographic factors, food groups, nutrient intakes, BMI, pregnancy outcomes
  Rodríguez-Martin et al (2017)[@nuz017-B100]                                                                                                                                                                                                                EVIDENT diet quality index                                                                               Scientific literature                                                                                       Spain; adults                                       Adequacy: Low-fat dairy, poultry, rabbit, fish, dark-yellow vegetables, green leafy vegetables, cruciferous vegetables, other vegetables, gazpacho, potatoes, fruits, fresh fruit juice, beans/lentils/chickpeas, whole-grain bread/rice/cereal/pasta, olive oil, green/black tea, red wine, beer                                                                                                                         36 components, frequency per week/day, range 0--100                                                             Sociodemographic and lifestyle factors, nutrient intake, food groups, Mediterranean diet, CVD risk, BP, anthropometrics, pulse wave velocity
  Limiting: whole-fat dairy, ice cream, red meat, processed meat, pizza, fried potatoes, salty snack foods, added fats/ oils, butter, sweet breads, desserts, added sweets, precooked meals, sauce (ketchup, mayonnaise), honey, jam, soda, bottled juices                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  Mariscal-Arcas et al (2009)[@nuz017-B92]                                                                                                                                                                                                                   Mediterranean Diet Index for pregnant women (MDS-P)                                                      Mediterranean diet and specific needs during pregnancy based on scientific literature                       Spain; pregnant women                               Vegetables, fruits/nuts, pulses, cereals, fish, MUFA/SFA ratio, meat, dairy products, Fe, Ca, folic acid                                                                                                                                                                                                                                                                                                                  11 components, scored based on RDI, range 0--11                                                                 Anthropometrics, nutrient intakes, food groups, pregnancy outcomes
  Drake et al (2011)[@nuz017-B63]                                                                                                                                                                                                                            Diet Quality Index--Swedish Nutrition Recommendations (DQI-SNR)                                          Swedish Nutrition Recommendations (SNR) and the Swedish Dietary Guidelines (SDG)                            Sweden; adults                                      SFA, PUFA, fish and shellfish, dietary fiber, fruit and vegetables, sucrose                                                                                                                                                                                                                                                                                                                                               6 components, score based on intake in weights and E%, range 0--6                                               Sociodemographic factors, anthropometrics, food groups, nutrient intakes, BP and NCDs
  Cleghorn et al (2016)[@nuz017-B61]                                                                                                                                                                                                                         Dietary quality score (DQS)                                                                              WHO/FAO expert consultation group 2003                                                                      UK; adults                                          Fruit, vegetable, oily fish, nonmilk extrinsic sugar, fat                                                                                                                                                                                                                                                                                                                                                                 5 components, servings or gram per day, range 0--15                                                             Relative validity, foods
  Verger et al (2015)[@nuz017-B112]                                                                                                                                                                                                                          Probability of Adequate Nutrient Intake (PANDiet) score (updated)                                        United Kingdom nutritional recommendations                                                                  UK; young children                                  Protein, total carbohydrates, non-milk extrinsic sugars, total fat, SFA, PUFA, thiamin, riboflavin, niacin, folate, vitamin A, vitamin B6, vitamin B12, vitamin C, vitamin D, Ca, magnesium, zinc, phosphorus, potassium, Fe, copper, selenium, iodine, Na                                                                                                                                                                25 nutrients, scored based on adequacy probability, range 0--100                                                Sociodemographic factors, food groups, consumption of infant formula/foods
  Pot et al (2014)[@nuz017-B99]                                                                                                                                                                                                                              Eating Choices Index (ECI)                                                                               Based on NSHD consumption data and discussion with researchers                                              UK; adults                                          Consumption of breakfast, consumption of 2 portions of fruit per day, type of milk consumed, type of bread consumed                                                                                                                                                                                                                                                                                                       4 components, score based on frequency and type, range 4--20                                                    Sociodemographic factors, nutrient intakes, overweight, obesity
  Golley et al (2012)[@nuz017-B70]                                                                                                                                                                                                                           Complementary Feeding Utility Index (CFUI)                                                               Complementary feeding guidelines of Australia, New Zealand, USA, and UK                                     UK; infants                                         Breastfeeding duration, feeding on demand, timing of introduction to solids, exposure to Fe-rich cereals, fruit, vegetables, protein foods variety, exposure to sugary drinks, exposure to confectionary, cakes, savory snacks, cow milk introduction, exposure to tea, timing of lumpy food intro, exposure to commercial infant foods, daily meal/snack frequency.                                                      14 components, score based on probability function, range 0--1                                                  Sociodemographic factors, BMI, food group, nutrient intake, feeding behavior
  Crombie et al (2009)[@nuz017-B62]                                                                                                                                                                                                                          Diet quality score                                                                                       Caroline Walker Trust, Eat Well plate                                                                       UK; women (mothers)                                 Bread/other cereals/potatoes, fruit/ vegetables, dairy products, meat/ fish/ alternatives, high-fat/ high-sugar snacks                                                                                                                                                                                                                                                                                                    5 components, score based on daily portions, range 0--5                                                         Maternal knowledge and views
  Oliveira et al (2015)[@nuz017-B97]                                                                                                                                                                                                                         Healthy Plate Variety Score                                                                              Modified version of food variety index for toddlers                                                         Portugal, UK, France; children                      Starchy foods (including potatoes), fruits, vegetables, meat/fish/alternatives, dairy foods                                                                                                                                                                                                                                                                                                                               5 components, score based on servings, range 0--5                                                               Children's eating behavior
  Vereecken et al (2008)[@nuz017-B111]                                                                                                                                                                                                                       Fruit and vegetable index, fiber index, calcium index, variety index, excess index, short excess index   Not mentioned                                                                                               Belgium and Italy; children                         Fruit and vegetable index, fiber index (FV and brown bread), Ca index (whole-fat milk, semi-skimmed milk, cheese, and other milk products), variety index (combination of fiber index and Ca index), excess index (carbonated sugared soft drinks, sweets, chips, crisps), short excess index (soft drinks, sweets)                                                                                                       Not specified                                                                                                   Nutrient intakes, reproducibility, relative validity

*Abbreviations:* BMI, body mass index; BP, blood pressure; Ca, calcium; CHD, coronary heart disease; CVD, cardiovascular disease; DASH, Dietary Approaches to Stop Hypertension; DQ, diet quality; EVIDENT, Estilos de vida y disfunción endotelial; E%, percentage of energy; FA, fatty acid; FAO, Food and Agricultural Organization of the United Nations; Fe, iron; FV, food variety; HEI, Healthy Eating Index; K, potassium; %KJ, percentage of kilojoule; MUFA, monounsaturated fatty acid; Na, sodium; NCD, noncommunicable disease; NS, not significant; NSHD, The Medical Research Council National Survey of Health and Development; OMD, optimized mixed diet; PNNS, Program Nutritional Nutrition Santé; PUFA, polyunsaturated fatty acid; RDA, Recommended Dietary Allowance; RDI, Recommended Dietary Intake; SBP, systolic blood pressure; se/sp analysis, sensitivity/specificity analysis; SFA, saturated fatty acids; SSB, sugar-sweetened beverage; TFA, total fatty acid; USDA, United States Agency for International Development; WHO, World Health Organization of the United Nations.

Some diet quality indices are more extensively evaluated and described in additional publications; however, our review search was not specifically set up for such validation studies, and thus articles describing such validation studies are not included in our review.

Theoretical basis of the index
------------------------------

The majority of the indices are based on national dietary recommendations (n = 54) originating from the country where the index was developed. These national guidelines are often established by an expert group based on scientific literature. For some indices, such as the Bone Mineral Density (BMD) Diet score[@nuz017-B76] and the Diet-Lifestyle Index[@nuz017-B79] the authors of the paper performed a scientific literature search. Nine of the 14 indices developed for LMICs use national dietary guidelines[@nuz017-B48]^,^[@nuz017-B52]; 3 use recommendations by internationally oriented organizations[@nuz017-B56]^,^[@nuz017-B58]; the Infant and Young Child Feeding Index (ICFI)[@nuz017-B47] is based on scientific literature; and Hardiansyah et al do not mention their source.[@nuz017-B51] Indices based on national dietary recommendations might be useful for in-country comparison and trend analysis, and they take into consideration the availability of foods and cultural dietary preferences. However, such indices should be used carefully for cross-country comparisons because their generalizability might be limited, especially regarding the foods or food groups included in the index. Indices that can be applied globally, allowing for cross-country comparison, include those based on assessing the adherence to a specific health-improving diet, such as the Mediterranean diet,[@nuz017-B80]^,^[@nuz017-B92]^,^[@nuz017-B103] the DASH (Dietary Approaches to Stop Hypertension) diet,[@nuz017-B67] or the Nordic diet,[@nuz017-B73]^,^[@nuz017-B85]^,^[@nuz017-B95]^,^[@nuz017-B102] but these are specific for a region or based on a Western diet (DASH diet). Other indices are based on international guidelines---for example, the Healthy Diet Indicator (HDI),[@nuz017-B76] based on the 2003 WHO dietary guidelines for elderly; the Diet Quality Score (DQS),[@nuz017-B61] based on the WHO/FAO Diet, Nutrition and the Prevention of Chronic Diseases Expert Consultation (2003); and the Infant and Young Child Feeding (IYCF) index,[@nuz017-B58] applied in the context of Mexico but based on WHO best practices for complementary feeding guidelines for infants and young children.[@nuz017-B45] The HDI and DQS, both applied in the Netherlands, and the IYCF, applied in Mexico, could allow for comparison of food system diet quality associations in different LMIC settings. However, these 3 diet quality indicators have only been tested in 1 country, with the Netherlands being a high-income country; thus additional research regarding their multi-LMIC applicability is needed.

Target group
------------

The reviewed diet quality indices were developed for various age groups, from toddlers to the elderly, although most were developed for the general adult population (without specification of age range, n = 28), young children (infants, toddlers, or preschool children, n = 14), or children (n = 12). Furthermore, specific indices were developed for women (n = 7), children and adolescents (n = 6), adolescents (n = 5), children and adolescents and adults (n = 5), adolescents and adults (n = 1), and the elderly (n = 3). Indices tailored to the needs of a specific population group are, for example, the Mediterranean Diet Index for pregnant women (MDS-P)[@nuz017-B92] and the Adolescent Micronutrient Quality Index (AMQI),[@nuz017-B52] although the latter is, according to the authors of the index, easily adjustable for other population groups. There are also scores, such as the HEI-2010,[@nuz017-B71] that have been developed for a wide population group (children, adolescents, and adults). All diet quality scores list the target group for which it is intended to be used. Different age and sex groups have different requirements (due to, for example, differences in physiological needs or different food preferences during the life course), and therefore 1 index may not fit all target groups equally well.

Components of diet quality indices
----------------------------------

Components included in diet quality indices are nutrients, foods, and/or food groups; occasionally they incorporate lifestyle factors. The diet-related components are either recommended to be limited (unhealthy) or enhanced (healthy), and both limiting and enhancing components are sometimes included in 1 index. Fifty-four indices, such as the Diet Quality Scores of Voortman et al[@nuz017-B113] and Perry et al,[@nuz017-B98] consist exclusively of foods and/or food groups; 24 indices, such as the Index of Diet Quality,[@nuz017-B86] consist of foods, food groups, and nutrients; and 3[@nuz017-B44]^,^[@nuz017-B60]^,^[@nuz017-B112] include nutrients only. Foods and/or food groups that are mostly included (on different aggregation levels) are fruits, vegetables, staple foods, sugar, dairy products, and other protein sources like meat, eggs, and plant-based protein foods. Nutrients frequently included are sodium, cholesterol, trans fatty acids, unsaturated fatty acids, and n-3 fatty acids. Some indices include other lifestyle factors, like physical activity or time spent watching TV or playing computer games (screen time).[@nuz017-B64]^,^[@nuz017-B79]^,^[@nuz017-B83]^,^[@nuz017-B89] For 7 indices, meal pattern (eg, consumption of breakfast yes or no) was included as 1 of the components.[@nuz017-B47]^,^[@nuz017-B70]^,^[@nuz017-B74]^,^[@nuz017-B79]^,^[@nuz017-B85]^,^[@nuz017-B99]^,^[@nuz017-B114] Eight[@nuz017-B43]^,^[@nuz017-B48]^,^[@nuz017-B51]^,^[@nuz017-B59]^,^[@nuz017-B100]^,^[@nuz017-B101]^,^[@nuz017-B108]^,^[@nuz017-B110] diet quality scores separately calculate a healthy (adequacy) and unhealthy (limiting) part, such as the score from Anderson et al.[@nuz017-B59] The number and type of components included and the level of aggregation differed broadly for the listed indices, mainly depending on the target group, the intended association between the index and specific health outcome(s), and the detail of food intake data available (depending on the detail of the questionnaire used). Indices including nutrients are generally based on extensive dietary intake data collection and need valid food composition tables, which are often of limited availability in LMICs.

Scoring system
--------------

Components are individually scored, and the scoring could be based on medians, tertiles/quartiles/quintiles of the study population, consumption (yes or no), or on recommended amounts consumed, which were either estimated in portions, servings, or weights and sometimes corrected for energy intake. For all indices, the scoring of the individual components is summed into 1 total score and the range of the total score varies highly for the different indices. Not all indices have continuous total scoring; for 3 indices (US Healthy Food Diversity \[HFD\] index,[@nuz017-B109] Complementary Feeding Utility Index \[CFUI\][@nuz017-B70] and the WHO's indicators for infant and young child feeding[@nuz017-B45]) the total score is dichotomized. Scoring components based on amounts, rather than consumption yes or no, seems preferable because it allows for refining the scoring system, increasing the possibility of variation in the score and thus improving association with diseases. However, this requires obtaining information about amounts or portion sizes consumed during data collection, which is challenging in LMICs.[@nuz017-B120] Also, to the best of the authors' knowledge, no research has been done on which scoring system is preferable in which situation. There are indices (such as the HEI 2005[@nuz017-B72] and 2010[@nuz017-B71]) that score the individual components on a density basis because many recommendations are similar across energy levels; this counteracts a higher intake of foods or food groups caused by a higher energy intake.

Evaluation
----------

The listed diet quality indices have been evaluated in numerous ways. Evaluation strategies include assessing its reproducibility (whether the index yields similar outcomes when assessed on 2 different occasions), reliability (internal consistency), relative validity (whether the index generates similar results when dietary intake data collected by 2 different methods are used), sensitivity/specificity analysis, its ability to discriminate according to sociodemographic factors, and its association with relevant nutrients, foods, and/or food groups intakes (construct validity). An example of an extensively evaluated diet quality score is the New Zealand Diet Quality Index for Adolescents (NZDQI-A)[@nuz017-B116]; it showed an average reliability (Crohnbach's α = 0.51) and a low overall relative validity (*r *= 0.39). The construct validity showed that in the highest tertile of the NZDQI-A higher intakes of iron and lower intakes of total fat, saturated fatty acids, and monounsaturated fatty acids (MUFAs) were observed.[@nuz017-B116]

In some papers an association analysis of the index with a health outcome, such as nutrient adequacy, pre-disease state biomarker, obesity or overweight, disease, or overall mortality, was performed. This is less frequently described in papers where the development of the index is discussed because such an analysis is often a next step in the evaluation of a diet quality index. An example from this review of a diet quality index associated with a health outcome is the Aussie Diet Quality Index[@nuz017-B118]; its outcome is related to cancer mortality, overweight, and obesity. Note that diet quality indices comprised of components related to diseases (like sodium intake and coronary heart disease) generally show a higher predictive accuracy, whereas including general and not disease-specific components could lead to dilution of the index--disease association.[@nuz017-B121] Which health or nutrition outcome to use for validation depends on the aim underlying the development of the index (eg, the DASH index was developed to be associated with hypertension and the Bone Mineral Density \[BMD\] index with BMD).

When a diet quality index is validated with nutrient intakes or nutrient adequacies obtained by the same dietary assessment method in the same study population as the one used to assess the components of the diet quality index correlated errors could cause higher correlations.[@nuz017-B121] Biomarkers of exposure (eg, urinary sodium for sodium intake) are a preferred reference method because of their assumed independent error structure with reported intake measurements. Also, including a dietary diversity score or food variety score in the total diet quality index, while similar food groups are included as a separate component in the index, could introduce correlation among the different components of the index, which is the case for the Mexican Diet Quality Index (ICDMx).[@nuz017-B57] Furthermore, it causes these twice-included food groups to have a higher weight in the index; they thus have a higher importance in the overall score. Correlation among the different components could cause a reduction in the accuracy of the diet quality index.[@nuz017-B121]

Validation of an index is of utmost importance before starting to use it in food system research projects. A food system entails the full process of feeding the population and includes all stages from growing to consumption. In general, validation should be done regardless of the use of a diet quality index in a food system project or not. It is recommended that the index be evaluated by assessing its reproducibility, reliability (internal consistency), relative validity, and construct validity, and by performing a sensitivity/specificity analysis; additionally an assessment of the association of the index with the health outcome(s) of interest, preferably in the intended target population, and when aiming to develop an index for global use, in different countries, should be completed. Furthermore, it is important to avoid correlated errors by using 2 independent datasets for validation purposes.

Dietary assessment method and use of screeners
----------------------------------------------

The methods used to measure the dietary components of the diet quality indices deserve attention. For most of the components, the traditional dietary intake assessment methods---24-hour recall (24hR), food frequency questionnaire (FFQ), (weighed) food record, and diet history---were used. In the last decade, diet quality index--specific tools, developed to measure the components of that diet quality index, also known as screeners, have been increasingly used.[@nuz017-B122] Short screeners collect only the necessary data to estimate the components of a diet quality index. Development of such a screener takes place after the development of the diet quality score. Leppala et al evaluated such a tool against the index outcome obtained with a 7-day food record and concluded that this screener is a useful tool to measure the individual components of their diet quality index.[@nuz017-B85]

Screeners measuring the relevant foods and products to assess the diet quality index could be useful in LMICs because they are relatively short and easy to administer compared with the traditional dietary intake methods, although some information regarding food intake is lost. Such a tool should undergo extensive validation before it can be widely used. When validated tools are not available, repeated 24hRs are a sound alternative. The repeated 24hR allows for adjustment of day-to-day variation of the individual dietary intake, provides a detailed list of the foods eaten, and is easiest, although time consuming, to administer in an LMIC setting.[@nuz017-B125]

The 14 country-specific indices developed for LMICs and the 4 international indices developed for cross-country comparisons in LMICs are described according to their adherence to the 7 recommended points ([Box 1](#nuz017-BOX1){ref-type="other"}) to be taken into account for the development of a diet quality index for LMICs ([Table 5](#nuz017-T5){ref-type="table"}). The majority of the indices (n = 8) focus on the risk factors for NCDs and meeting the nutritional needs of the target group, whereas the child and infant indices (n = 6) focus on child survival as the outcome. Five indices include nutrients in addition to foods and/or food groups. All indices capture the variety dimension of diet quality, and 13 also mention the moderation dimension (include components that should be consumed in moderation). Nutrient adequacy was only mentioned for 4 indices, but this is often done as an evaluation of a diet quality index and not always described in the articles included in this review. Three indices include a separate score for unhealthy foods (eg, foods for which a maximum intake is recommended) in addition to a score for healthy foods (eg, foods that require a minimum intake). Nine indices make use of cutoff points to score the components rather than consumption yes or no. For 10 of the indices, the individual components were scored dichotomously, and only 1 index, the Chinese Healthy Eating Index (CHEI),[@nuz017-B48] used unequal weighing factors for the individual components.

###### 

Characteristics of the different diet quality indices applicable in low- and middle-income countries according to the recommendations in Box 1

  Index; Reference                                                          Purpose                                                     Components                                     Diet quality dimensions[^a^](#tblfn8){ref-type="table-fn"}   Healthy and unhealthy score   Cutoff points[^b^](#tblfn9){ref-type="table-fn"}   Scoring system                Evaluation[^c^](#tblfn10){ref-type="table-fn"}
  ------------------------------------------------------------------------- ----------------------------------------------------------- ---------------------------------------------- ------------------------------------------------------------ ----------------------------- -------------------------------------------------- ----------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------
  MDD-W; FAO and FHI 360 (2016)[@nuz017-B42]                                Women, nutritional needs                                    Foods and/or food groups                       Variety                                                      No                            No                                                 Dichotomous, equal weighing   Not described in this publication, but it is based on the findings from the FGI[@nuz017-B11] research and further elaborated in Martin-Prével et al[@nuz017-B46]
  FGI; Arimond et al (2010)[@nuz017-B11]                                    Women, nutritional needs                                    Food groups                                    Variety and nutrient adequacy                                No                            Yes                                                Dichotomous, equal weighing   Construct validity, se/sp analysis, nutrient adequacy
  Healthy, unhealthy or combined score; Imamura et al (2015)[@nuz017-B43]   Adults, nCDs                                                Foods, food groups, and nutrients              Variety and moderation                                       Yes                           No                                                 Quintiles, equal weighing     Construct validity
  Indicators for infant and young child feeding; WHO (2008)[@nuz017-B45]    Infants and young child, child survival                     Foods, food groups, and behaviors              Variety                                                      No                            No                                                 Dichotomous, equal weighing   Not described in this publication, but for evaluation, see, for example, Jones et al[@nuz017-B22]
  ICFI; Bork et al (2012)[@nuz017-B47]                                      Infants and toddlers, child survival                        Foods, food groups, and behaviors              Variety                                                      No                            No                                                 Dichotomous, equal weighing   Construct validity, reliability, height-for-age, and weight
  CHEI; Yuan et al (2017)[@nuz017-B48]                                      Children, adolescents, adults, NCDs and nutritional needs   Foods and/or food groups                       Variety and moderation                                       Yes                           Yes                                                Continuous, weighing factor   Construct validity
  CCDI; Cheng et al (2016)[@nuz017-B49]                                     Children and adolescents, NCDs and nutritional needs        Foods, food groups, nutrients, and behaviors   Variety, moderation, and nutrient adequacy                   No                            Yes                                                Continuous, equal weighing    Construct validity, nutrient adequacy
  CFPS; Xu et al (2015)[@nuz017-B50]                                        Adults, NCDs and nutritional needs                          Foods and/or food groups                       Variety and moderation                                       No                            Yes                                                Dichotomous, equal weighing   Construct validity
  BDI; Hardiansyah et al (2015)[@nuz017-B51]                                Children, NCDs and nutritional needs                        Foods and/or food groups                       Variety, moderation, and nutrient adequacy                   Yes                           Yes                                                Continuous, equal weighing    Nutrient adequacy
  AMQI; Chiplonkar and Rama (2010)[@nuz017-B52]                             Adolescents, NCDs and nutritional needs                     Foods and/or food groups                       Variety, moderation, and nutrient adequacy                   No                            Yes                                                Continuous, equal weighing    Construct validity, nutrient adequacy
  THEI; Taechangam et al (2008)[@nuz017-B53]                                Adults, NCDs and nutritional needs                          Foods, food groups, and nutrients              Variety and moderation                                       No                            Yes                                                Continuous, equal weighing    Construct validity
  ALES School Child Diet Index; Molina et al (2010) [@nuz017-B54]           Children, not mentioned                                     Foods, food groups, and behaviors              Variety and moderation                                       No                            No                                                 Dichotomous, Equal weighing   Construct validity
  DQI-a; Jaime et al (2010)[@nuz017-B55]                                    Adults, NCDs and nutritional needs                          Foods, food groups, and nutrients              Variety and moderation                                       No                            Yes                                                Continuous, equal weighing    Construct validity, se/sp analysis
  DDS; Enneman et al (2009)[@nuz017-B56]                                    Infants, child survival                                     Foods and/or food groups                       Variety                                                      No                            No                                                 Dichotomous, equal weighing   Reproducibility, construct validity
  DDS; Enneman et al (2009)[@nuz017-B56]                                    Infants, child survival                                     Foods and/or food groups                       Variety and moderation                                       No                            No                                                 Dichotomous, equal weighing   Reproducibility, construct validity
  DDS; Enneman et al (2009)[@nuz017-B56]                                    Infants, child survival                                     Foods and/or food groups                       Variety and moderation                                       No                            No                                                 Dichotomous, equal weighing   Reproducibility, construct validity
  ICDMx; Macedo-Ojeda et al (2016)[@nuz017-B57]                             Adults, NCDs and nutritional needs                          Foods, food groups, and nutrients              Variety and moderation                                       No                            Yes                                                Continuous, equal weighing    Reproducibility, relative validity
  IYCF; Monterrosa et al (2015)[@nuz017-B58]                                Infants, child survival                                     Foods, food groups, and behavior               Variety and moderation                                       No                            No                                                 Dichotomous, equal weighing   Prepregnancy BMI

*Abbreviations:* ALES, Indice de Alimentacao do Escolar; AMQI, Adolescent Micronutrient Quality Index; BDI, Balanced Diet Index; BMI, body mass index; CCDI, Chinese Children Dietary Index; CFPS, Chinese Food Pagoda Score; CHEI, Chinese Healthy Eating Index; DDS, Dietary Diversity Score; DQI-a, Diet Quality Index--Adjusted; FGI, Food Group Diversity Indicators; ICDMx, Mexican Diet Quality Index; ICFI, Infant and Young Child Feeding Index; IYCF, Infant and Young Child Feeding Index; MDD-W, Minimum Dietary Diversity for Women; NCD, noncommunicable disease; se/sp analysis, sensitivity/specificity analysis; THEI, Healthy Eating Index for Thais; WHO, World Health Organization of the United Nations.

Nutrient adequacy refers to the provision of levels of energy and macro- and micronutrients appropriate to age, sex, disease status, and physical activity for a healthy life. Variety refers to the consumption of a variety of desirable foods or food groups. Moderation refers to the avoidance or limited consumption of foods, food groups, and nutrients that can be unhealthy if consumed in excess.

Minimum/maximum cutoff or range for the individual components.

Some diet quality indices are more extensively evaluated and described in additional publications; however, our review search was not specifically set up for such validation studies, and thus articles describing such validation studies are not included in our review.

Construct validity was by far the most described evaluation strategy (n = 13 indices), where, apart from nutrient adequacy, as described for 4 indices,[@nuz017-B11]^,^[@nuz017-B49]^,^[@nuz017-B51]^,^[@nuz017-B52] height-for-age and weight[@nuz017-B47] and pre-pregnancy body mass index[@nuz017-B58] were evaluated outcomes. Only 2 country-specific indices include a healthy and unhealthy score and use cutoff points to score the food/food group components of the indices; one is the CHEI[@nuz017-B48] for children, adolescents, and adults in China, and the other is the Balanced Diet Index (BDI)[@nuz017-B51] for children in Indonesia. It is not mentioned whether the CHEI also captures the nutrition adequacy dimension of diet quality, and the article describing the development of the BDI does not describe an extensive evaluation, although those assessments could be planned for later for both indices.

Developing a diet quality index is complex, and issues regarding the construction of such an index are not yet solved (eg, what scoring system to use and which individual components to include in the index at what aggregation level). Reporting errors originating from the dietary intake assessment tools used are expected,[@nuz017-B126]^,^[@nuz017-B127] which in turn will affect the outcome of the diet quality index. Furthermore, our recommendation of separating the healthy and unhealthy components into different scores will need further research; it seems promising given that Imamura et al[@nuz017-B43] showed a diluting effect when combining both healthy and unhealthy components into 1 score. Some of the reviewed diet quality indices already include separate scores for the healthy and unhealthy components.[@nuz017-B43]^,^[@nuz017-B48]^,^[@nuz017-B51]^,^[@nuz017-B59]^,^[@nuz017-B100]^,^[@nuz017-B101]^,^[@nuz017-B108] Separating the scores will create a small additional analytical burden, but it could be of use to policymakers to understand both positive and negative trends in intake. However, the message to policymakers could become more complicated, but, given the additional information on where to focus, it seems worthwhile to explore including healthy and unhealthy components in separate scores. Indices that underwent a thorough evaluation and have been validated against outcomes such as disease or nutrient adequacy lend more confidence in their results.

CONCLUSION
==========

Of the 81 indices described, only 14 LMIC country-specific and 4 global indices have been identified to be potentially eligible for use in LMIC food system research. However, further analysis revealed that none of the 18 indices adhered to the 7 suggested recommendations: 16 LMIC-applicable indices did not capture all 3 dimensions of diet quality (adequacy, diversity and moderation), included nutrients instead of foods and/or food groups only, did not include a minimum/maximum cutoff for the individual components in the score, or did not calculate the healthy and unhealthy components as 2 separate scores. The 2 other indices developed were promising but unfortunately specific to a country. Furthermore, special attention should be given to solid validation of the index through examining the relationship with nutrient intakes, assessing reproducibility and reliability, analyzing sensitivity/specificity, assessing the comparability of the index between dietary assessment methods, and assessing the association with the intended diet-related health outcome(s).

A diet quality index that adheres to the suggested recommendations and is applicable in food system research in LMICs could take a global or a country-based perspective. One globally applicable diet quality index would allow for comparison of the diet quality of various countries, which is often an important prerequisite of such a metric in food system research. Furthermore country-specific indices based on native food--based dietary guidelines are tailored to a country's specific disease profile and food habits and are therefore important indicators for within-country comparison.

In conclusion, there is an urgent need for the development of both country-specific food-based dietary guideline--based indices and a global diet quality index, all of which must undergo extensive evaluation.

Box 1 Suggested recommendations for developing a diet quality index in low- and middle-income countriesFood systems research is often multidisciplinary and includes a wide range of indicators to be collected (social, agricultural, production, nutrition). It is therefore of utmost importance that a diet quality index used in such a setting be easy to administer without compromising its validity and quality. The following 7 recommendations should be taken into account in developing such an index in the food system context. *Define the purpose of the index*. For application of the diet quality score, it is important that the purpose includes the target group, because different age and sex groups have different needs, as well as the health outcome(s) of interest. Furthermore, the focus of the index should be not only on dietary deficiencies but also on obesity and NCDs to address the triple burden of disease, which represents a growing public health problem in LMICs.*Use foods and food groups instead of nutrients as components in the score*. Sixty-seven percent of the 81 reviewed indices used foods and food groups only. It is important to use food and food groups instead of nutrients because of the limitations of food composition tables, such as being incomplete, being outdated, and lacking nutrient content of processed, fortified, and cooked foods. Thus creating an index that is based on foods and food groups would be preferred in LMICs.[@nuz017-B126]*The index should capture the three dimensions of diet quality*: *nutrient adequacy, food variety or food diversity, and moderation of foods/food groups.* Individual dietary diversity may reflect nutrient adequacy fairly well.[@nuz017-B127] Controversy exists about dietary diversity and the moderation dimension because a wider consumption of different foods might be related to excess energy intake,[@nuz017-B132] thus violating the energy balance. In most cases, assessing whether the nutrient adequacy dimension is fulfilled for the target group is done after assessing dietary diversity, acting as a validation step.*The limiting and enhancing foods/food groups should be included in separate scores.* The recommendations include a division of the components included in the index into healthy and unhealthy components. Some of the reviewed diet quality indices already include separate scores for the healthy and unhealthy components.[@nuz017-B43]^,^[@nuz017-B48]^,^[@nuz017-B51]^,^[@nuz017-B59]^,^[@nuz017-B100]^,^[@nuz017-B101]^,^[@nuz017-B108] Three scores could be calculated, one including all components, the second including only healthy foods/food groups, and the third including only the unhealthy foods/food groups. Assessing the limiting and enhancing scores independently is expected to increase the ability[@nuz017-B43] to determine the specific areas that (food system) research and policymakers need to address to improve diets through food system innovations.*Use minimum/maximum cutoff points or a range for amounts consumed.* Because the amount of a food determines whether it will provide a protective or harmful effect on the human body, the scoring of a food or food group should be based on scientifically proven cutoff points and standards (based on grams, servings, or portion sizes). Scoring should be based on the type of component; adequacy, moderation, optimum, or ratio components as described in more detail in Looman et al.[@nuz017-B133] Cutoff points for the different components could be based on absolute or energy density (energy-adjusted) cutoff points. Absolute amounts of intake (both nutrient and food based) could differ among sex and age groups due to differences in energy intake, but when using an energy density approach, these differences in energy intake are taken into account. However, such energy density approaches have not been applied to indices applicable in LMICs; thus further research on this topic in the LMIC setting is necessary.*Give the same weight to the different components in the total scoring and use a dichotomous scoring system.* Unless research indicates a certain food or food group is of higher importance, give all components the same weight in the total scoring. The simplest and recommended scoring system is based on adherence to the guidelines regarding the amounts consumed (yes or no, minimum amount is reached or the maximum amount is not exceeded) using a dichotomous scoring of the individual component. No consensus exists about the best scoring system to use for a diet quality index.*Diet quality indices should be evaluated before widely used*. Proper evaluation of the developed diet quality index is paramount. It is advised to evaluate the index in numerous ways, including the assessment of its reproducibility, reliability (internal consistency), relative validity, and its construct validity. Additionally a sensitivity/specificity analysis an evaluation of the index by associating it with the health outcome(s) of interest should be completed.
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